Introduction
Coronal plane alignment of the lower limb is an important factor that affects implant stability and clinical outcomes after total knee arthroplasty (TKA) [1] [2] [3] . Varus osteoarthritis of the knee is the most common indication for TKA, which is accompanied with contracture of the medial collateral ligament and other medial soft tissue structures [4] [5] [6] . Thus, correction of a varus patients were enrolled in this retrospective study. The patients were randomly assigned to SMCL release group (n=103) and POL release group (n=83) within an interval of one month. Exclusion criteria were additional soft tissue releases involving the pes anserinus and semimembranosus tendons other than the deep MCL and concurrent releases of the SMCL and POL.
Patients who underwent revision TKA or had an infection, a fracture, a history of knee surgery, or a ≥10 o flexion contracture were also excluded. The mean age of the patients was 67 years (range, 58 to 83 years) in SMCL release group and 66 years (range, 52 to 81 years) in POL release group, showing no significant difference. No statistically significant intergroup difference was noted in gender, body mass index, preoperative range of motion (ROM), and severity of the preoperative varus deformity (Table 1 ).
Surgical Technique
All the operations were performed by a single surgeon using the same posterior cruciate ligament substituting type (PS type) of prosthesis (Scorpio NRG, Stryker, Allendale, NJ, USA). The anterior and posterior cruciate ligaments were sacrificed and a 9 mm distal femoral resection was performed. The proximal tibia was resected to create a 19 mm flexion-extension gap using the Linker so that a 10 mm polyethylene insert (PE) could be placed. Whether the actual thickness of the inserted PE was close to 10 mm or ≥10 mm was assessed to investigate if the SMCL release or POL release resulted in an increased flexion-extension gap requiring a thicker PE than we had intended to use. The surgery was performed via a less than 2 cm quadriceps tendon incision using the limited anteromedial arthrotomy approach. Using extramedullary alignment guides, femoral and tibial bone cuts were made with reference to the mechanical axis of the lower limb. For soft tissue balancing, deep MCL release was followed by POL release or SMCL release. If necessary, semimembranosus tendon and/or pes anserinus tendon were additionally released. POL release was defined as the release of the POL located in the posteromedial one third of the knee, one of the five branches of the semimembranosus tendon, and the complex formed by the oblique popliteal ligament from the medial side of the knee to immediately below the semimembranosus tendon. SMCL was released 1−2 cm distal to the joint line using a periosteal elevator. Deep MCL release was performed in all patients and SMCL release was carried out in 103 patients and POL release in 83 patients ( Fig. 1 ).
In patients with ≥2 mm difference in the flexion-extension gap, additional soft tissue release procedures were performed. Patients who underwent other medial structure releases were excluded from the study. The patella was resurfaced and the implant was cement fixated in all patients. Continuous passive motion exercises were started on the 1st postoperative day. Ambulation was allowed on the 2nd postoperative day after drainage removal. Thereafter, active and passive joint exercises were allowed within a comfortable range of motion.
Analysis
The difference in the thickness of PE was compared between POL release group and SMCL release group. As multiple measurements were obtained from each patient, repeated measure analysis of variance (ANOVA) was used for data analysis. Fisher's exact test using a permutation method for multiple comparisons was carried out to verify the results. Statistical analysis was done using SPSS ver.17.0 (SPSS Inc., Chicago, IL, USA) and a p<0.05 was considered significant. 
Results
The mean PE thickness was 10.6±1.3 mm (range, 8 to 15 mm) in POL release group and 11.9±1.8 mm (range, 10 to 18 mm) in SMCL release group, showing no significant difference between the groups (p=0.001). Specifically, the thickness of the PE that was used in POL release group was ≤10 mm in 62 patients (72%), 8 mm in three patients (3.4%), 10 mm in 59 patients (68.6%), 12 mm in 21 patients (13.9%), and ≥15 mm in three patient (3.4%). In SMCL release group, the thickness was 10 mm in 33 patients (32%), 12 mm in 54 patients (52.4%), ≥15 mm in 16 patients (15.5%), and ≥18 mm in two patients (1.9%) (Fig. 2) . Fisher exact test results showed that the PEs were close to 10 mm in thickness in POL group, whereas thicker than 10 mm, such as 12 mm or 15 mm, in many patients in SMCL group, which showed statistically significant intergroup difference (p=0.001).
In both groups, mediolateral/anteroposterior instability was not observed postoperatively. The mean postoperative ROM was ≥125 o in both groups, showing no significant intergroup difference (p=0.643). No notable difference was found between the groups in the postoperative femoro-tibial angle after varus deformity correction (p=0.092), skin incision length (p=0.683), and amount of blood loss (p=0.283). The mean intraoperative tourniquet time was 54.2±10.4 minutes in POL release group and 51.7±10.3 minutes in SMCL release group. The ≤3 minutes of difference between the groups was statistically significant (p=0.001), but was not clinically meaningful ( Table 2 ). The Knee Society Score (KSS) knee score, KSS functional score, and Western Ontario and McMaster Universities (WOMAC) score were improved postoperatively in both groups, but there was no significant difference between the groups (Table 3) .
Discussion
Varus deformity in knee osteoarthritis should be corrected and is often associated with contracture of medial soft tissue structures 6, 10, [12] [13] [14] [15] , such as the deep MCL, SMCL, POL, attachment site of the semimembranosus tendon to the posterior capsule, and pes anserinus tendon. Release methods of these soft tissue structures have been addressed in various studies, most of which recommend sequential releases [6] [7] [8] [9] [10] . Deep MCL release is often the first step in sequential releases, which can be followed by a release of the pes anerinus or semimembranous tendon in severely deformed knees. On the other hand, the order of the SMCL release and POL release has been dependent on the surgical techniques applied 6, 13, 16, 17) . Theoretically, release of the anterior portion of the SMCL is performed to increase the flexion gap, whereas release of the POL, a posteromedial structure that affects the extension gap, is recommended to enlarge the extension gap relative to the flexion gap 2, 5, 6, 10) . Practically, however, the surgeon's preference often dictates the sequence of soft tissue releases for correction of mild-to-moderate varus deformity. The deep MCL and distal portion of the SMCL were released first in some studies 11, 18) , whereas POL release was the first in the sequence in other studies [6] [7] [8] . Besides, there exists a variety of soft tissue release techniques 2, 11, 14, 18, 19) . Soft tissue release and bone resection in TKA are performed taking care to balance the flexion-extension gap as much as possible. Bone resection can precede sequential soft tissue releases or can be performed during the release procedures.
In this study, we investigated which of the two soft tissue releases (SMCL release and POL release) after deep MCL release and bone resection promotes more appropriate soft tissue balance. SMCL release resulted in a relatively greater flexion-extension gap, which facilitated MIS-TKA but required insertion of a relatively thick PE. POL release enabled flexionextension gap balancing without extra operation time and skin incision compared to SMCL release and allowed for insertion of a properly sized PE. In particular, deep MCL and POL were released first considering that PCL resection in TKA using a PS type prosthesis tends to increase the flexion-extension gap.
Insufficient soft tissue release results in unsatisfactory deformity correction, whereas excessive release relatively increases the flexion-extension gap on the medial side, which can eventually lead to instability of the knee 20, 21) . Accordingly, in the latter case, lateral soft tissue release is required for gap balancing and a thick PE often needs to be inserted, which can result in restricted ROM due to higher joint line, patellofemoral maltracking, and extension restriction [22] [23] [24] . In our patients, an 8 mm PE was used in knees with a balanced flexion-extension gap without additional bone resection or soft tissue release, whereas ≥15 mm PE was inserted in knees with increased lateral ligament laxity and a tight extension gap.
The limitations of this study lie in the retrospective nature: 1) only 186 of the 700 TKA patients could meet the inclusion criteria and 2) the possibility of selection bias was not eliminated because randomization between groups was not achieved. However, when the two groups where additional soft tissue release was not required were compared, the distribution of the 10 mm PE showed differences. We believe that deep MCL release and POL release in TKA is useful for the employment of an MIS technique, correction of a mild-to-moderate varus deformity, and insertion of a PE with a proper thickness.
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Conclusions
We believe that POL and deep MCL releases in MIS-TKA would be beneficial for varus deformity correction in the osteoarthritic knee.
